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(57) Abstract: A polymer comprising recurring units represented by formula (I); wherein X is selected from the group consisting 
of C(0)OR\ C(0)SR\ C^NR'R 2 , and VZ, where R l and R 2 are each individually selected from the group consisting of hy- 
drogen, C, to C I0 alkyl, and Q to C 10 aryl, where V is a labile linker group, and where Z is selected from the group consisting 
of poly (ethylenei mine), poly(propyleneimine), poly(lysine), PAMAM dendrimer, octaamine dendrimer, and hexadecaamine den- 
drimer; and wherein Y is selected from the group consisting of -(CH 2 ) 2 -, -(CH 2 ) 2 -0-(CH 2 ) 2 -, -(CH 2 ) 2 -0-(CH 2 ) 2 -0-(CH 2 )2-, and 
-(CH 2 ) 3 -NHC(0)-(CH 2 ) 6 -C(0)NH-(CH 2 ) 3 - is useful in nucleic acid delivery applications. PolyacetaJs of the formula (1) are prefer- 
ably made by reacting appropriate diols and divinyl ethers. In preferred embodiments, complexes formed between polyacetals of the 
formula (I) and polynucleotides arc useful as transfection reagents. 
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BIODEGRADABLE POLYACETALS 

Background of the Invention 

Field of the Invention 

5 This invention relates generally to biodegradable polymers containing acetal 

recurring units. More particularly, this invention relates to acid sensitive biodegradable 
polyacetals, methods for making them, and methods for using them in polynucleotide 
delivery applications. 

10 Description of the Related Art 

There is a need for non-viral drug delivery systems having desirable properties such 
as low immunogenicity, amenable to production on a relatively large scale, and which can 
be easily modified to provide a range of biological properties. See Mulligan, R. C, 'The 
basic science of gene therapy," Science 260, 926-932 (1993); and Luo, D. & Saltzman, W. 

15 M. "Synthetic DNA delivery systems," Nat. Biotechnol. 18, 33-37 (2000). However, non- 
degradable cationic polymers such as poly(lysine) and polyethyleneimine (PEI) can have 
significant cytotoxicity. See Choksakulnimitr, S., Masuda, S., Tokuda, H., Takakura, Y. & 
Hashida, M., "In vitro cytotoxicity of macromolecules in different cell culture systems," J. 
Control Release 34, 233-241 (1995); Brazeau, G. A., Attia, S., Poxon, S. & Hughes, J. A., 

20 "In Vitro Myotoxicity of Selected cationic macrolecules used in non-viral gene therapy," 
Pharm. Res. 15, 680-684 (1998); and Ahn, C.-H., Chae, S. Y., Bae, Y. H. & Kim, S. W. 
"Biodegradable poly(ethylenimine) for plasmid DNA delivery," J. Control. Release 80, 
273-282 (2002). 

To reduce cytotoxicity, some efforts have been made to develop degradable cationic 
25 polymers. See Ahn, C.-H., Chae, S. Y.,~Bae, Y. H. & Kim, S. W., "Biodegradable 
poly(ethylenimine) for plasmid DNA delivery," J. Control. Release 80, 273-282 (2002); 
Lynn, D. M. A., D. G.; Putman, D.; Langer, R., "Accelerated Discovery of Synthetic 
Transfection Vectors: Parallel Synthesis and Screening of a Degradable Polymer Library," 
J. Am. Chem. Soc. 123 (2001); Lim, Y. et al., "Biodegradable Polyester, Poly[a-(4- 
30 Aminobutyl)-l-Glycolic Acid], as a Non-toxic Gene Carrier," Pharmaceutical Research 17, 
811-816 (2000); Lim, Y., Kim, S., Suh, H. & Park, J.-S., "Biodegradable, Endosome 
Disruptive, and Cationic Network-type Polymer as a High Efficient and Non-toxic Gene 
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Mb* Carrier," Bioconjugate Chem. 13, 952-957 (2002); Urn, Y. K., S, Ue, ^ 
W ■ Yang T, Lee, M, Suh, H, Park, J., "Cationm Hyperbmnched PoWamino ester): A 
Nove, Class of DNA Condensing Molecule with Cationic Surfcce, Biodegmdame Three- 
Dimensiona, Structure, and Ternary Amine Groups In the fmerior » J. Am. Ctam Soc^ 

nnder Control.* Composting Condirions and Evasion o, the Ecoto,co.ogtca. 
Biomacronto.ecu.es 3, 445-455 (2002). However, rurder physiomgica. condtttons, *m 

Acid-sensitive peseta containing acetal linkages has been reported, see 
Tomhnsor, R. et a,., "Tendon, Chain Fnnorion*ed ^ 
DopondentDogmdnrion: AP.a«fonn fc n,oDev..opmen,o fN ov d Po 1)m «T^«^ 
Macromoleeu.es 35, 473-4B0 (2002)-, and Murthy, R, Tmtg, V. X., Schuck, S„ Xu, KLC. 
* Fmehe, 3. M. 1., "A Novo! Strategy for Encapst-on and Reloaso of Protmn , 
Hydrogeis and Miorogels win, Acid-Labile Aceta. Cross-Linkers," 3. Ana. Chen,. Soc. 124, 
12398-12399 (2002). 

Summary of the. Invention 
A preferred embodiment provides a polymer comprising recusing unrts represented 

by formula (I): 



20 




(I) 



25 



wherein X is selected from the group consisting of C(0)OR\ C(0)SR , 
aOWRV. and VZ, whe« R' and R 2 ace each individual se.ec.ed from mo group 
consirtingof hydrogen, C, to C. alky., and C 6 to C,„ aty,, where V is alabilo .ink. 
™ and whore Z is se.ected from the group consisting of poMethyienermtne) 
poWpmpyleneimine), poWysine), PAMAM dendrimer, oataamine dendrimer, and 
hexadecaamine dendrimer; and 
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wherein Y is selected from the group consisting of -(CH 2 )2-, -(CH 2 ) 2 -0- 
(CH 2 ) r , -(CH 2 ) 2 -0-(CH2)2-0-(CH 2 )2-, and -(CH 2 ) 3 -NHC(0)-(CH 2 ) 6 -C(0)NH- 
(CH 2 ) 3 -. 

In another preferred embodiment, the polymer comprising recurring units 
represented by formula (I) further comprises a recurring unit represented by the formula 




id 



wherein W is selected from the group consisting of an enhancer and a 
targeting receptor. 

Another preferred embodiment provides a method for making a polymer comprising 
recurring units represented by formula (I), comprising reacting a diol represented by the 
formula (HI) with a divinyl ether represented by the formula (IV): 



15 




20 



(IV) 

wherein X and Y have the same meanings as set forth above. 
Another preferred embodiment provides a method for making a polymer comprising 
recurring units represented by formula (I) in which X is VZ, comprising reacting a 
compound represented by the formula H 2 NZ with a polymer comprising a recurring unit of 
the formula (V): 



(V) 
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wherein Z is selected from the group consisting of poly(e%leneimine), 
poly(propyleneimme), poly(lysine), PAMAM dendrhner, octaamine dendrimer, and 
hexadecaamine dendrimer; and 
5 wherein Y is selected from the group consisting of -(CH 2 ) 2 -, -(CH 2 ) 2 -0- 

(CH 2 )r, -(CH 2 ) 2 -0-(CH 2 ) 2 -0-(CH 2 ) 2 -, and -(CH 2 ) 3 -NHC(0)-(CH 2 ) 6 -C(0)NH- 

(CH 2 ) 3 -. 

Another preferred embodiment provides a complex, comprising (a) a polymer 
comprising recurring units represented by formula (I) in which X is VZ, and (b) a 
10 polynucleotide. Another preferred embodiment provides a method for making such a 
complex, comprising intermixing (a) a polymer comprising recurring units represented by 
formula (I) in which X is VZ, and (b) a polynucleotide. 

Another preferred embodiment provides a method for transfecting a cell, comprising 
contacting the cell with a complex, wherein the complex comprises (a) a polymer 
15 comprising recurring units represented by formula (I) in which X is VZ, and (b) a 
polynucleotide. 

These and other embodiments are described in greater detail below. 

Brief Desc ri ption of the Drawings 

20 Figure 1 shows a reproduction of a photograph of a nucleotide retardation assay 

using polyacetal polymers and a DNA molecular marker. The assay shows that polyacetals 
10 and 12 formed complexes with polynucleotides at various ratios of polyacetal to 
polynucleotide (16:1, 8:1, 4:1, and 2:1, weight/weight), as compared to a control C (no 
polyacetal) and a molecular marker M. 

25 Figure 2 shows a bar graph plotting Relative Light Units (RLU) per milligram of 

protein for transfection of human kidney embryonic cells ("293 cells") with plasmid DNA 
using polyacetal 10 and a commercial transfection reagent L2000 (Lipofectamine 2000, 
positive control). The results show that the transfection efficiency of polyacetal 10 is 
comparable to the best commercially available transfection agent currently known, 

30 Lipofectamine 2000. 

Figure 3 shows reproductions of photographs of Green Fluorescent Protein (GFP) 
signals using polyacetal 10 and a commercial cationic polymer, poly(ethylenimine)-1800 
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(molecular weight 1800 daltons, negative control). The results show that polyacetal 10 has 
a higher transfection efficiency than poly(ethylenimine)-1800. 

Figure 4 shows reproductions of photographs of GFP signals for 293 cells resulting 
from acidic degradation studies in pH 5.0 and pH 6.0 buffers after 24 hours and 48 hours. 
5 The results show that polyacetal 10 was substantially completely hydrolyzed at pH 5.0 or 
6.0 within 24 hours. 

Figure 5 shows reproductions of photographs of GFP signals for 293 cells using 
polyacetal 17 and poly(ethylenimine)-1800 (negative control). The results show that 
polyacetal 17 has a higher transfection efficiency than poly(ethylenimine)-1800. 
10 Figure 6 shows a bar graph plotting Cell Viability (%) of 293 cells. Polyacetals 15, 

12, and 10 do not display cytotoxicity in this assay. 

Figure 7 shows a preferred reaction scheme for the synthesis of polyacetals 6-9. 

Figure 8 shows a preferred reaction scheme for the synthesis of polyacetals 10-16. 

15 Detailed Description of the Preferred Embodiments 

Preferred embodiments are directed to polyacetals, methods of making polyacetals, 
complexes comprising polyacetals and polynucleotides, methods of making such 
complexes, arid methods of transfecting cells using such complexes. 

Polyacetals are polymers that contain acetal (-0-CHR-0-) recurring units. Preferred 
20 polyacetals comprise recurring units represented by formula (I): 




X 



In formula (I), X is preferably selected from the group consisting of C(0)OR l , 
25 C(0)SR 1 , C(0)NR 1 R 2 , and VZ, where R 1 and R 2 are each individually selected from the 
group consisting of hydrogen, Ci to Ci 0 alkyl, and C 6 to Ci 0 aryl, and where V is a linker 
group. In this context, "a linker group" is a bifunctional chemical group that joins one 
chemical group to another. Linker groups can contain a single bifunctional chemical group 
such as amide, or may contain two chemical groups such as amide-amide, amide-alkyi, 
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alkyl-amide, armne-amide, or tmoemer-amide. Examples of preferred linker groups include 
-C(0)NH-, .CiO)m-^0)m-, -C(0)NH-R\ -R'-C(0)*H-, -NH-R'-C^NH-, -S- 
R^CCONH, where R 1 is selected from the group consisting of hydrogen, C t to C 10 allcyl, 

andC 6 toCi 0 aryl. _ 

In formula (I), Z is preferably selected from the group consisting of 
poly(ethyleneimme) (PEI), poly(propyleneimine) (PPI), P oly(lysine), polyamidoamme 
(PAMAM) dendrimers, octaamine dendrimers, and hexadecaamine dendnmers. PEI and 
PPI if used, preferably have a molecular weight in the range of about 200 to about 100,000 
Daltons. Poly(lysine), if used, preferably has a molecular weight in the range of about 200 
to about 50,000 Daltons. In formula (I), Y is preferably selected from the group consxstmg 
of -(CH 2 ) 2 -, -(CH 2 ) 2 -0-(CH 2 ) 2 -, -(CH.VO-CCH^O-CCH^, and -(CH 2 ) 3 -NHC(0)- 

(CH 2 ) 6 -C(0)NH-(CH 2 ) 3 - 

Polyacetals may be copolymers and thus may contain two or more Afferent 
recurring units represented by the formula (I), and/or other recurring units. A "polyacetal of 
the formula (I)" or "polymer of the formula (!)», as those terms are used herein, mcludes 
such copolymers as well as homopolymers consisting essentially of recurring units of the 
formula (I). In a preferred embodiment, a polyacetal comprises a recurring umt of the 
formula (II): 




(ID 



20 



25 



In formula (H), W is preferably selected from the group consisting of an enhancer 
and a targeting receptor. In this context, an "enhancer" is a functional group that is capable 
of enhancing the efficiency of gene transfection to a eukaryotic cell and a "targetmg 
receptor" is a functional group that is capable of recognizing specific receptors on a cell 
surface. The foregoing definitions are not mutually exclusive, and thus W may be both an 
enhancer and a targeting receptor. Preferably, W is selected from the group consisting of 
lipid cholesterol, transferrin, antibody, antibody fragment, galactose, mannose, hpoprotem, 
lvsosomotrophic agent, and fusogenic agent. A "polyacetal of the formula (H)" or "polymer 
of the formula (D)», as those terms are used herein, includes copolymers compnsmg a 
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recurring unit of the formula (II) as well as homopolymers consisting essentially of 
recurring units of the formula (II). A preferred polyacetal comprises a recurring unit of the 
formula (I) and a recurring unit of the formula (II). 

Enhancers and/or a targeting receptors may be attached to polyacetals in various 

5 ways, e.g., by covalent bonding to the polyacetal as shown in formula (II), by conjugating 
an enhancer and/or a targeting receptor to Z in formula (I), or both. For example, in a 
preferred embodiment, a polyacetal comprises a recurring unit of the formula (I) and a 
recurring unit of the formula (II) in which X in formula (I) is VZ. The Z group in formula 
(II) may be conjugated to W (in which case the enhancer and/or a targeting receptor 

10 represented by W is attached to the polyacetal in at least two places, via conjugation to Z 
and covalent attachment to the recurring unit represented by the formula II), and/or the Z 
group in formula (II) may be conjugated to a second enhancer and/or second targeting 
receptor. Thus, two or more enhancers and/or a targeting receptors may be attached to a 
polyacetal. 

15 Various methods may be used to make polyacetals. A preferred method comprises 

reacting a diol represented by the formula (EI) with a divinyl ether represented by the 
formula (IV): 

(HI) X (IV) 

20 In formulae (HI) and (IV), X and Y have the same meanings as set forth above. The 

polymerization reaction is preferably conducted by intermixing a diol represented by the 
formula (HI) with a divinyl ether represented by the formula (IV) in a polar aprotic solvent 
such as tetrahydrofuran in the presence of an acid catalyst such as p-toluenesulfonic acid 
(pTS A). Optionally, the mixture may contain one or more other diols and/or divinyl ethers. 

25 Preferably, the mole ratio of diol(s) to divinyl ether(s) in the mixture is approximately 1:1, 
although the exact ratio may be varied to adjust the molecular weight of the resulting 
polymer. Higher molecular weights are generally achieved when the ratio is closer to 1:1. 
Lower molecular weights may be achieved by using a slight excess of either the diol(s) or 
the divinyl ethers, and/or by including small amounts of monofunctional alcohols and/or 

30 vinyl ethers. Preferably, the molecular weights of the resulting polyacetal (e.g., a polymer 
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or copolymer comprising a recurring unit represented by the formulae (1) and/or (2)) are 
about 1,000 Daltons or greater, more preferably in the range of about 1,000 to about 
250,000 Daltons. 

Recurring units represented by the formula © encompass two genera, one in which 
X is selected from the group consisting of C(0)OR\ C(0)SR\ and C^NR'R 2 , and the 
other in which X is VZ. Polyacetals in which X is selected from the group consisting of 
C(0)OR\ C(0)SR\ and CtONR'R 2 are useful for making polyacetals in which X is VZ. 
For example, polyacetals comprising a recurring unit of the formula (I) in which X is VZ 
and V is -C(0)NH- are preferably made by reacting a compound represented by the formula 
H 2 NZ with a polyacetal comprising a recurring unit of the formula (I) in which X is 
C(0)OR' , as shown in formula (V): 



(V) 




O^^OR' 



In formula (V), R 1 and Y have the same meanings as set forth above. For the 
15 compound represented by the formula H 2 NZ, Z has the same meaning as set forth above. 
The reaction of the compound represented by the formula H 2 NZ with the polyacetal of the 
formula (V) is preferably conducted in a polar solvent such as dimethylformamide. The 
polyacetal of the formula (V) may be prepared by reacting a diol of the formula (IH) in 
which X is -CCOOR 1 with a divinyl ether of the formula (IV), under the general conditions 
20 described above for the polymerization of diols and divinyl ethers. A "polyacetal of the 
formula (V)" or "polymer of the formula (V)", as those terms are used herein, includes 
copolymers comprising a recurring unit of the formula (V) as well as homopolymers 
consisting essentially of recurring units of the formula (V). 

It has been found that polyacetals of the formula (I) in which X is VZ form 
25 complexes with polynucleotides such as DNA and RNA. Thus, another embodiment 
provides a complex comprising a polyacetal of the formula (I) and a polynucleotide, in 
which the X in the polyacetal of the formula (I) is VZ, where V and Z have the same 
meanings as set forth above. Preferably, V is -C(0)NH-. Such complexes are preferably 
formed by intermixing the polyacetal of the formula (I) (in which X is VZ) and a 
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polynucleotide. Preferably, such intermixing is conducted by adding a solution containing 
the polyacetal to a second solution containing the polynucleotide. Complexation may be 
verified by examining the retardation of the polynucleotide-polyacetal band on agarose gel 
electrophoresis, as shown in Figure 1. 
5 It has been found that complexes comprising polyacetals of the formula (I) (in 

which X is VZ) and polynucleotides are useful for transfecting cells. Transfection is 
preferably conducted by contacting the cell with the complex. The examples below 
illustrate the use of polyacetal-DNA complexes for the transfection of human embryonic 
kidney cells ("293 cells"), as shown in Figure 2. It has been found that preferred complexes 
10 comprising polymers of the formula (I) (in which X is VZ) and polynucleotides are 
relatively non-toxic. The examples below illustrate the cytotoxicity of polyacetal-DNA 
complexes on mammalian cells as evaluated using a 3-[4,5 dimethylthiazol-2-yl]-2,5- 
diphenyltetrazolium bromide (MTT) method (see Figure 6). 

15 EXAMPLES 

Cell lines and cultures used in the following examples were prepared as follows: 
Human embryonic kidney cells ("293 cells") grown in Dulbecco's-modified Eagle's 
medium (DMEM) containing 10% (v/v) heat-inactivated fetal bovine serum (FBS), 
lOOU/ml Penicillin and 100 |ag/ml streptomycin, and incubated at 37°C at 100% humidity 

20 atmosphere containing 7.5% C0 2 . 

GFP plasmids used in the following examples were prepared as follows: Plasmid 
pCMV-GFP was purchased from Clonetech. The expression of green fluorescent protein 
(GFP) cDNA is controlled by human cytomegalovirus (CMV) promoter and the transcripts 
are stabilized by a gene expression enhancer, chicken p-globulin intron. The plasmid vector 

25 pCMV-luc was constructed by cloning the firefly luciferase gene into pCMV-0, with the 
same backbone of mammalian expression vector. The plasmid was expanded in DH5ct E. 
coli and purified with Qiagen Plasmid Max Preparation Kit according to the manufacture's 
instructions. The quantity and quality of the purified plasmid DNA was assessed by 
spectrophotometry analysis at 260 and 280 nm as well as by electrophoresis in 0.8% 

30 agarose gel. Purified plasmid DNA was resuspended in sterile distilled, deionized H 2 0 and 
frozen. The purified plasmid DNA may be referred to as "GFP plasmid" below. Green 
fluorescent signals in cells were observed under a fluorescent microscope (Olympus, filter 
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520 ran). Cells were photographed using a 10X objective. The percent of cells with GFP 
signal in transfected cultures was determined from counts of three fields. 

Divinyl ether 4 was prepared from adipic hydrochloride and aminopropyl ether. 
Diol 5 was prepared by esterification of the corresponding carboxyhc acid. All of the 
5 chemicals and reagents for the syntheses of polyacetals were purchased from Aldrich 
Chemical Co. 

EXAMPLES 1-4 

Polyacetals 6-9 were prepared according to the reaction scheme shown in Figure 7. 

10 The following description for the synthesis of polyacetal 7 is illustrative: Di(ethylene 
glycol) divinyl ether 2 (1.39 g, 8.76 mmol) and bis-(2-hydroxymethyl)methyl propionate 5 
(1.30 g, 8.76 mmol) were mixed in tetrahydrofuran (THF) (10 mL) with molecular sieves 
(1.0 g) at room temperature and stirred for 20 min. A catalytic amount of toluensulfonic 
acid monohydrate (TSA, 0.015 g, 0.08 mmol) was added and stirring was continued for 

15 four days. The reaction mixture was quenched with sodium bicarbonate (1 mL, 5% in 
water) or triethylamine (1 mL). Water (10 mL) was added and the organic phase was 
extracted with ethylacetate (3 x 10 mL). The extracts were combined, dried with sodium 
sulfate, filtered, and concentrated by rotary evaporation. The residue was dried under high 
vacuum to give polyacetal 7 (2.65 g, 8.65 mmol, 98%) as an oil. 

20 

EXAMPLES 5-11 

Polyacetals 10-16 were prepared according to the reaction scheme shown in Figure 
8. The following description for the synthesis of polyacetal 10 is illustrative: To 
poly(ethylenimine) (PEI, 80 o) (30 g, 16.7 mmol) was added a solution of polyacetal 7 (0.5 g, 
25 1 .63 mmol) in dimethylformamide (DMF) (10 mL). Additional DMF (10 mL) was added 
and the mixture was stirred for four days. THF (100 mL) was added to form a precipitate. 
The precipitate was filtered and washed with THF, then dried under high vacuum to give 
polyacetal 10 (2.2 g). 

30 EXAMPLE 12 

A polyacetal-poly(ethylenimine) conjugated with an enhancer was prepared as 

follows: 
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10Y = CH 2 CH 2 OCH 2 CH 2 and Z« PE!, S0O W 



1 7 Y - CH 2 CH 2 OCH 2 CH 2 , Z- PEI, fi0 o t and W = cholesterol 

Polyacetal 10 (0.55g) and dimethylsulfoxide (DMSO) (50 mL) were combined in a 
vial. Cholesteryl chloroformate (1.0 g) and triethylamine (1 mL) were added and the 
resulting mixture was stmed for 20 minutes, filtered to remove an insoluble residue, and 
washed with dichloromethane (30 mL). The resulting solid residue was dried under high 
vacuum to give . 1.3 grams of polyacetal 17. Polyacetal 17 was found to be more efficient as 
a transfection reagent in 293 cells than a poly(ethylenimine) control, as shown by GFP 
assay (Figure 5). 

EXAMPLES 13-24 

A series of 12 polyacetal 10 samples were degraded in solutions (pH 7.4, pH 6.0, 
and pH 5.0) for 3 hours, 6 hours, 12 hours, and 24 hours at room temperature. These 
solutions were used for the transfection of 293 cells for the GFP assays discussed herein. 
Figure 3 shows that the polyacetals were very stable at pH 7.4 (e.g., physiological blood 
pH). Figure 4 shows that the polyacetals were substantially completely hydrolyzed at pH 
5.0 or 6.0 (e.g, pH of endosome-lysosomes inside cells) within 24 hours. 

EXAMPLE 25 

Retardation of polynucleotide-polyacetal complexes: Various amounts of 
polyacetals 10 and 12 in 10 \d DMEM (without serum and antibiotic) were added dropwise 
into 0.2 |ig GFP plasmid in 10 |il DMEM (without serum and antibiotic) with vortexing. 
The resulting complexes were placed at room temperature for 15 min prior to 
electrophoresis. Five \xl of loading dye was added to each sample, and 15 pi of each sample 
were loaded per well. The complexes were analyzed by electrophoresis in a 0.3% agarose 
gel with 0.04 M Tris-acetate buffer, pH 7.4, containing 1 mM EDTA, at 100V for 30 
minutes. The complexes were visualized by UV illumination. The polynucleotide (plasmid 
DNA) complexed to the polyacetal was retarded in the agarose gel, so that greater 
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retardation indicated greater binding between the polyacetal and the polynucleotide, as 
shown in Figure 1. 

EXAMPLE 26 

5 In vitro transfection using polyacetals 10 and 17 was carried out as follows: 

Permanent 293 cells were plated in 24-well tissue culture plates (2x10 s cells/well) and 
incubated overnight in DMEM with 10% fetal bovine serum (FBS). For each well, a 30 pi 
aliquot of polyacetal solution (each containing a different dose of polyacetal) was added 
dropwise into a 30-ul DNA solution containing 0.6 pg of plasmid DNA, e.g. pCMV-GFP 

10 plasmid DNA or pCMV-luc, while vortexing. Dropwise addition while vortexing was 
found to be highly preferable, because it was found that transfection results depended on 
the mixing conditions. The mixed DNA and polyacetal solutions were incubated for 15 
minutes at room temperature to form DNA-polyacetal complexes. Then, 60 uL of DNA- 
polyacetal complex was added into each well and the cells were incubated (37° C, 7.5% 

1 5 C0 2 ) for 24 hours. After that incubation, GFP signals and fruitfly luciferase activities were 
detected as described below. Commercial transfection agent Lipofectamine 2000 (L2000) 
was used as a positive control according to the protocol provided by manufacturer. 



EXAMPLE 27 

20 Luciferase activity was measured using a chemiluminescent assay following the 

manufacturer's instructions (Luciferase Assay System; Promega, Madison, WI, USA). 
About twenty four hours after the transfections described in Example 26 above, the cells 
were rinsed twice with PBS and then were lysed with lysis buffer (1% Triton X-100, 100 
mM K3PO4, 2 mM dithiothreitol, 10% glycerol, and 2 mM EDTA pH 7.8) for 15 min at 

25 room temperature. A 10-ul aliquot of cell lysate was then mixed with 50-pl of luciferase 
assay reagent with injector at room temperature in the luminometer. Light emission was 
measured in triplicate over 10 seconds and expressed as RLUs (relative light units). 
Relative light units (RLU) were normalized to the protein content of each sample, 
determined by BSA protein assay (Pierce, Rockford, Illinois). All the experiments were 

30 conducted in triplicate. The results obtained for the transfection of 293 cells with pCMV- 
luc using polyacetal 10 and L2000 (positive control) are shown in Figure 2. These results 
show that the transfection efficiencies of these polyacetals are comparable to those achieved 
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with the best commercially available transfection agent (Lipofectamine 2000) currently 
known. 

EXAMPLE 28 

The cytotoxicities of polyacetals 10, 12 and 15 on mammalian cells were evaluated 
using the 3-[4,5- dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) method. In 
this method, 96-weU plates were seeded with 293 cells (4 x 10 4 cells/well) and the cells 
incubated for 24 hours. Various amounts of polyacetal-DNA complexes prepared as 
described in Example 26 were added to the cells for a period of 3 hours. The media was 
then removed and fresh media added. Following further incubation for 48 hrs, the media 
was removed and 10 ul of MTT solution (5.0 mg/ml) was added to each well, and 
incubated for 3 hrs. The medium was then removed and 200-pl DMSO was added to 
dissolve the formazan crystals. The absorbance of the solution was measured at 570 nm. 
Cell viabilities was calculated using the equation: Viability (%) = {Abs 570 (sample) /Abs 57 o 
(control)} x 100. All the experiments were conducted in triplicate. The results shown in 
Figure 6 show that the polyacetals were less toxic to cells than Lipofectamine. 
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WHAT IS CLAIMED IS: 

1 . A polymer comprising recurring units represented by formula (T) : 




10 



15 



20 



25 



wherein X is selected from the group consisting of C(0)OR\ C(0)SR l , 
CCCONR'R 2 , and VZ, where R 1 and R 2 are each individually selected from the group 
consisting of hydrogen, C, to C w alkyl, and C 6 to C 10 aryl, where V is a labile linker 
group, and where Z is selected from the group consisting of poly(ethyleneimine), 
poly(propyleneimine), poly(lysine), PAMAM dendrimer, octaamine dendrimer, and 
hexadecaamine dendrimer; and 

wherein Y is selected from the group consisting of -(CH 2 ) 2 -, -(CH 2 ) 2 -0- 
(CH 2 ) 2 -, -(CH^-O-CCH^-O-CCH,),-, and -(CH 2 ) 3 -NHC(0)-(CH 2 ) 6 -C(0)NH- 
(CH 2 ) 3 -. 

2. The polymer of Claim 1 in which Z is poly(emyleneimine). 

3. The polymer of Claim 2 in which the poly(ethyleneimine) has a molecular 
weight in the range of about 200 to about 100,000 Daltons. 

4. The polymer of Claim 1 in which Z is poly(lysine). 

5. The polymer of Claim 4 in which the poly(lysine) has a molecular weight in 
the range of about 200 to about 50,000 Daltons. 

6. The polymer of Claim 1 in which X is VZ. 

7. The polymer of Claim 6 in which V is -C(0)NH-. 

8. The polymer of Claim 1, further comprising a recurring unit represented by 
the formula (H): 



(H) 
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wherein W is selected from the group consisting of an enhancer and a 
targeting receptor. 

9. The polymer of Claim 8 in which W is an enhancer and a targeting receptor. 

1 0. The polymer of Claim 8 in which W is selected from the group consisting of 
lipid, cholesterol, transferrin, antibody, antibody fragment, galactose, mannose, lipoprotein, 
lysosomotropic agent, and fiisogenic agent. 

11. The polymer of Claim 8 in which X is VZ and in which Z is conjugated to 
W or to a substance selected from the group consisting of a second enhancer and a second 
targeting receptor. 

12. A method of making the polymer of Claim 1, comprising reacting a diol 
represented by the formula (EI) with a divinyl ether represented by the formula (IV): 

(HI) X (TV) 

wherein X and Y have the same meanings as set forth in Claim 1 . 

13. A method of making the polymer of Claim 7, comprising reacting a 
compound represented by the fonnula H 2 NZ with a polymer comprising a recurring unit of 
the formula (V): 




wherein Z is selected from the group consisting of poly(ethyleneimine), 
poly(propyleneimine), poly(lysine), PAMAM dendrimer, octaamine dendrimer, and 
hexadecaamine dendrimer; and 

wherein Y is selected from the group consisting of -(CH 2 ) 2 - 3 -(CH 2 ) 2 -0- 
(CH 2 ) r , -(CH 2 ) 2 -0-(CH 2 ) 2 <0.(CH 2 ) 2 -, and -(CH 2 ) 3 -NHC(0).(CH 2 ) 6 -C(0)NH- 
(CH 2 ) 3 -. 
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14. A complex comprising the polymer of Claim 6 and a polynucleotide. 

15. A method for making the complex of Claim 14, comprising intermixing the 
polymer of Claim 6 and the polynucleotide. 

16. The method of Claim 1 5 in which the intermixing is conducted by adding a 
5 solution comprising the polymer of Claim 6 to a second solution comprising the 

polynucleotide. 

17. The method of Claim 16 in which the V in the polymer of Claim 6 is - 
C(0)NH-. 

18. A method for transfecting a cell, comprising contacting the cell with the 

1 0 complex of Claim 14. 

19. The method of Claim 18 in which the V in the polymer of Claim 6 is - 

C(0)NH-. 

20. The method of Claim 19 in which the Z in the polymer of Claim 6 is 
poly(ethyleneimine). 
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FIGURE 1 
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FIGURE 2 




10 L2000 



Figure 2. Transfection of 293 cells with pCMV-luc using polyacetal 10 and Opofectamine 
(L2000, positive control). Labeling: ratio of polymerJDNA (weight: weight) for vertical line 
bar is 16:1, horizontal line bar is 8:1, downward line bar is 4:1, and grid line bar is 2:1. 
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FIGURE 3 




GFP sigaalsusingpolyacetal 10 Conlrol: GFP signals using PEIjsoq 

Figure 3. GFP signals in cells 293 using polyacetsu 10 andpoly(ethylenunine-1800). 
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FIGURE 4 



V- ■ . ' . 




GFF signals 10 at pH 5.0 after 24 h 


GFP signals 3D at jH 5.0 after 48 h 








GFP signalslO at pH 6.0 after 24 h 


GFP stgiels 10 at pH 6.0 after 48 h 



Figure 4. GFP signals resulting from acidic degradation of polyacetal 10 in pH 5.0 and pH 
6.0 buffers after 24 hours and 48 hours. 
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FIGURES 




GFP signals uangpolyiceial 17 Control: OFP signals using FEM800 



Figure 5. GFP signals for cells 293 using polyacetal 17 and poly(ethyleniniine>1800. 
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FIGURE 6 




Figure 6. Cytotoxicity of polyacetals 15, 12, and 10 and Lipofectamine (L2000). Labeling: 
ratio of polymenDNA (weighfcweight) for vertical line bar is 16:1, horizontal line bar is 8:1, 
downward line bar is 4:1, and grid line bar is 2: 1 . 
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FIGURE 7 




1Y = CH 2 CH 2 

2Y-CH 2 CH 2 OCH 2 CH 2 

3 Y = CH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 

4Y-CH 2 CH 2 CH 2 NHCXOXCH 2 ) fi raC(0)CH 2 CH 2 CH 2 



CatH* 
THF 



or 




X«C(0)OR,qo)SR,0(0)NR 2 
R « H, alkyi, aryl, substituted 
aryl 



6Y~CH 2 CH 2 

7Y«CH 2 CH 2 OCH 2 CH 2 

8 Y - CH 2 CH 2 OCH 2 Caa 2 OCH 2 CH 2 

9Y * CT 2 OT 2CH 2 NHC(0)(CH 2 ) 6 NHC(0)CH 2 CH 2 CH 2 
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FIGURE 8 




6Y = CH 2 CH 2 
, 7Y = CH 2 CH 2 OCH 2 CH 2 

8 y = CT2CH2OCH2CH2OCH2CH2 

9 Y « CH 2 CH 2 m 2 imC(0){CH 2 ) 6 mC(0)Ca 2 CH 2 CH 2 



HN 

z 



10Y-CH 2 CH 2 OCH 2 CH 2 andZ«PEI 1800 
11 Y - CH 2 CH 2 OCH 2 CH 2 andZ-PEI 1200 

12 Y = CH 2 CH 2 OCH 2 CH 2 andZ^PEIggo 

13 Y - CH 2 CH 2 and Z - PEI 1800 

14 Y » CH 2 CH 2 and Z ^ PEI 1200 

15 Y - CH2CH2 and Z - PJSI^o 

16 Y = CH 2 CH 2 CT 2 7raC(0)(^ and Z » PH 1800 



INTERNATIONAL SEARCH REPORT 



Irlamriififnii AppHcaiion bio 

m/US2004/005363 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C08L59/00 C08L59/02 C08G4/00 C08G2/00 C08G73/02 i 


AccorcSng to International Patent Classification (IPC) or lo both national classificatton and IPC 




B. FIELDS SEARCHED 


Mkilmum documentation searched (classification system followed by classification symbols) 

IPC 7 C08L C08G 


Documentation searched other than minimum documentation to the extent that s 


uch documents are Included In the fields searched 


Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Clatlon of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


R.TOMLINSON, M.KLEE, S.GARRETT, J. JHELLER, 
R.DUNCAN, S.BROCCHINI: "Pendant chain 
functional! zed polyacetals that display 
pH-dependent degradation: a platform for 
the development of novel polymer 
therapeutics" 
MACR0M0LECULES., 

vol. 35, 2002, pages 473-480, XP002285793 
cited in the application 
the whole document 


1-20 






/-- 




[ )( | Further documents are listed In the continuation of box C. 


]{""[ Patent family members are listed In annex. 


0 Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
a E' earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claimfs) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'(y document referring to an oral disclosure, use, exhibition or 
other means 

■P* document published prior lo the international filing date but 
later than the priority date claimed 


T later document published after the Internationa) filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of partteufar relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of Ihe same patent family . 


Date of the actual compieilon ol the international search 


Dale of mailing of the international sea 


rch report 


24 June 2004 


12/07/2004 ^ 




Name and mailing address of the ISA 

European Patent Office, P.B. 581 B Palentlaan 2 
NL - 2280 HV Ri)swijk 
Tel. (431-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Kiebooms, R 



Form PCT/lSA/210 (second sbeel) (January 2004) 



page 1 of 2 





INTERNATIONAL SEARCH REPORT 


lEiarnational Application No 

TTT/US2004/005363 


C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 0 


Citation of document, with Indkalion, where appropriate, ol the relevant passages 


Relevant to claim No. 


A,P 


R.TOMLINSON, J. HELLER, S.BROCCHINI, 

R.DUNCAN: "Polyacetal -doxorubicin 

conjugates designed for pH-dependent 

degradation" 

BI0C0NJU6ATE CHEMISTRY, 

vol. 14, 2003, pages 1096-1106, 

XP002285794 

the whole document 




1-20 


A 


US 5 958 398 A (PAPISOV MIKHAIL I) 
28 September 1999 (1999-09-28) 
the whole document 




1-20 



Form PCT/ISA/210 (continuation ol second sheet) (January 2004) 

page 2 of 2 



INTERNATIONAL SfcARCH REPORT 

Information on patent ramify members 



loismational Application No 

T*ri/US2004/005363 



Patent document 
dted In search report 



Publication 
date 



Patent family 
mernber(s) 



Publication 
date 



US 5958398 



28-09-1999 



us 


5863990 


A 


26-01-1999 


us 


5811510 


A 


22-09-1998 


AT 


202573 


T 


15-07-2001 


AU 


5531296 


A 


30-10-1996 


CA 


2215997 


Al 


17-10-1996 


DE 


69613569 


Dl 


02-08-2001 


DE 


69613569 


T2 


16-05-2002 


Dt( 


820473 


T3 


22-10-2001 


EP 


0820473 


Al 


28-01-1998 


GR 


3036696 


T3 


31-12-2001 


JP 


11503481 


T 


26-03-1999 


WO 


9632419 


Al 


17-10-1996 



Form FCTASA/210 (patent family annex) (January 2004) 



1THIS PAGE BLA8SIC (usftoi 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



XJ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




9 



\ 



